The objective of this study was to determine the contribution of regional fat localizations defined as abdominal (AO) or truncal (TO) obesity in racial/ethnic differences to the prevalence odds of hypertension in overweight American adults. Data (n ¼ 5694) from the 1999-2002 US National Health and Nutrition Examination Survey were utilized for this analysis. Abdominal obesity was defined as waist circumference X102 and X88 cm for men and women, respectively. Truncal obesity was defined using ratio of subscapular to triceps skinfold thickness and were X2.24 and X1.32, for men and women, respectively. Prevalence odds ratios from gender-specific logistic regression models were used to evaluate the contribution of regional fat localizations to racial/ethnic variation in hypertension. Statistical adjustment was made for age, education, alcohol intake and body mass index. In both men and women, coexistence of AO and TO was associated with much higher prevalence odds of hypertension than association due to each of the regional fat localizations. In men, coexistence of AO and TO was associated with 1.99, 2.47 and 2.10 increased prevalence odds of hypertension in Whites, Blacks and Mexican Americans, respectively. The corresponding values in women were 2.83, 4.07 and 3.61 in Whites, Blacks and Mexican Americans, respectively. The coexistence of AO and TO appears to be the culprit that contributes to high blood pressure on top of body mass index. Weight reduction programs that are targeted toward abdominal and truncal regions in at-risk populations and along racial/ethnic lines may help to alleviate racial/ethnic disparity in risk of hypertension.
Introduction
An increasing new group of at-risk individuals who are overweight is being recognized in the United States (US). 1, 2 Overweight individuals are more prone to cardiovascular disease (CVD) risk factors, such as hypertension. [3] [4] [5] Hypertension is one of the components of the metabolic syndrome that includes hyperinsulinaemia, glucose intolerance, hyperglyceridaemia and high low density cholesterol. 6, 7 As overweight disproportionately affects racial/ethnic minority populations in the US, its prevalence may be associated with racial/ethnic differences for some CVD risk factors, [8] [9] [10] including hypertension.
Although many studies linking overweight with CVD risk factors are based on assessment using overall (generalized) adiposity defined with body mass index (BMI), recent epidemiologic data suggest that aberrant fat localizations, as seen in abdominal and truncal body regions, are more crucial determinants of CVD risks 11, 12 than generalized fat deposit. Originally described as gynoid and android obesity, 13 abdominal fat deposit (abdominal obesity) is associated with increased risk of type 2 diabetes, stroke, insulin resistance, myocardial infarction, angina pectoris and hypertension. [14] [15] [16] [17] [18] [19] Abdominal obesity is also associated with increased risk of overall mortality in some population. 20 Truncal fat deposit (truncal obesity) is linked with many factors of the metabolic syndrome. 21, 22 Abdominal and truncal adiposities are difficult to distinguish because they often coexist.
Although imaging techniques provide the best methods for accurate assessment of abdominal and truncal obesities, they are impractical in large epidemiological studies. They are arduous and expensive, and some of these procedures have an associated risk of radiation. Hence, anthropometric surrogates such as waist circumference, triceps and subscapular skinfold thicknesses are the most widely used measures. 23, 24 Waist circumference has been described as the best anthropometric surrogate of abdominal adiposity. 25 Waist circumference is an aggregate measurement of the real amount of abdominal fat accumulation and is a crucial correlate of visceral obesity. [26] [27] [28] Visceral cells (adipocytes) are metabolically active fat cells with endocrine and paracrine properties. 29 Truncal obesity is best estimated as the ratio of subscapular to triceps (STR) skinfold thickness, and is a crucial correlate of fat deposition in the truncal region of the body. 30 Abdominal and truncal obesity are most prevalent in minority racial/ethic groups. 31, 32 Many studies investigating the association of abdominal and truncal fat accumulations with CVD risk factors are often restricted entirely to populations consisting of normal weight and overweight subjects. In our previous study of American adults, abdominal and truncal obesities were found to be associated with increased risk of hypertension and diabetes in White, Black and Mexican-American men and women. In that study, 4 as in many other studies, populations of normal weight subjects were used as references in describing risk for these obesity phenotypes. Hence, the observed contributions of abdominal and truncal obesities to increased risk for many diseases are driven by differential prevalences of these obesity phenotyes in non-at-risk populations.
Analysis of the association of abdominal and truncal obesities with diseases in at-risk groups such as populations of overweight persons enhances our understanding of the added role of regional fat localization in cardiovascular and coronary heart diseases. Such understanding is critical in identifying which patients are at the greatest risks for cardiovascular complications and determining who would best benefit from aggressive weight reduction.
The objective of this investigation was to determine racial/ethnic differences in the distribution of abdominal and truncal obesities in a population of overweight American White, Black and Hispanic adults. This study also sought to determine the contribution of abdominal and truncal adiposities to racial/ethnic differences in prevalence odds of hypertension that is markedly different across race/ ethnicity. 33 
Methods

Data source
The data for this study are from the 1999-2002 US National Health and Nutrition Examination Surveys (NHANES) as provided by the National Center for Health Statistics (NCHS). National Health and Nutrition Examination Surveys are cross-sectional surveys that were carried out among noninstitutionalized US civilian populations. Descriptions of the plan and operation of these surveys are available elsewhere. 34, 35 Briefly, the 1999-2002 NHANES is the most recent of the health examination surveys carried out in two phases (1999-2000 and 2001-2002) by NCHS. The survey utilized a stratified multistage probability sample based on selection of counties, blocks, households and persons within households. A total of 21 004 persons completed the 1999-2002 surveys.
Only adults who identified themselves as nonHispanic White, non-Hispanic Black and Mexican Americans between 18 and 79 years old with BMI of 25 kg/m 2 or greater were included in this investigation. Owing to the small sample size, Hispanic Black and Hispanic White Americans were excluded from this analysis. This study was also restricted to subjects who were measured for weight, height, waist circumference, triceps and subscapular skinfold thicknesses and blood pressure. Weight was taken with a Toledo digital scale in pounds and converted to kilograms. The Seca digital was employed in measuring subjects weighing more than 440 pounds. 36 Standing height was measured with a fixed stadiometer with a vertical backboard and a moveable headboard. Waist measurement was made at the end of a normal expiration at the natural waist midpoint between the lowest aspect of the rib cage and highest point of the iliac crest, and to the nearest millimeter. In the 1999-2002 NHANES, the technique used to obtain blood pressure was based on the recommendations at that time of the American Heart Association. 37 Three and sometimes four blood pressure measurements were taken manually on all eligible individuals using a mercury sphygmomanometer. Participants who are 50 years and older, who were unable to travel to the mobile examination units, were offered an abbreviated examination in their homes. 36 Skinfold measurement was made using the Holtain skinfold caliper. Triceps skinfold thicknesses were made on the posterior surface of the right upper arm to the nearest 0.1 mm. Subscapular skinfold measurements were from a line about 451 below the horizontal extending diagonally toward the right elbow, and to the nearest 0.1 mm.
Women who were pregnant at the time of the surveys were excluded from this analysis. We compared subjects who were excluded due to missing variables of interest with subjects who were retained for analysis. t-Test analyses of age and other continuous variables indicated no statistical significant differences between excluded subjects and those retained for this study.
Definition of terms
Abdominal obesity was defined as waist circumference X102 and X88 cm for men and women, respectively.
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Truncal obesity was defined as a ratio of STR skinfold thickness. 40 To determine the cutpoint for truncal obesity, we used gender-specific empirical quartile distribution of STR. Mean values for the highest quartiles were employed as appropriate cutpoints for these adiposities. The estimated cutpoint values for truncal obesity were X2.24 and X1.32, for men and women, respectively.
Hypertension was defined as systolic blood pressure of X140 mm Hg or diastolic blood pressure of X90 mm Hg, or the use of antihypertensive medications. 41 Covariates included continuous age, education (less than high school, high school and college), race/ethnicity (White, Black and Mexican American), alcohol use (noncurrent and current users), and BMI.
Statistical methods
Statistical analyses were carried out using SAS (version 8.0) and SUDAAN (version 7.5N), 42, 43 Owing to the complex sampling techniques used for the 1999-2002 NHANES, sampling weights were used to account for unequal probability of selection due to sample design, nonresponse and intentional oversampling of subgroups. Pearson's correlation analysis was used to quantify degree of correlation of BMI with waist circumference and STR. Prevalence estimates were also weighted to account for cluster design and to represent the total civilian noninstitutionalized population of the US. Ethnic differences for continuous and categorical variables were assessed with one-way analysis of variance (ANOVA) and w 2 statistics, respectively. Tukey's range and w 2 tests were used to assess pairwise comparisons for continuous and discrete variables, respectively. Gender-and race/ethnic-specific variations in waist circumference, subscapular and triceps thicknesses and STR across quartile of BMI were also assessed using ANOVA. Trends in waist circumference, subscapular and triceps skinfold thicknesses and STR across sex-specific quartiles of BMI were assessed using tests of linear trends.
Prevalence odds ratios (POR) from gender-and race/ethnic-specific multiple logistic regression models were used to evaluate the relationship between each of the regional adiposities and hypertension. Statistical adjustments were made for age, education and alcohol intake. We also used multiple logistic regression models to quantify the contribution of each of abdominal and truncal adiposities to race/ethnicity differences in the prevalence of hypertension. In the regression model, Whites were used as the reference group. This was performed by including race/ethnicity as an independent variable, and adjusting for other covariates.
To investigate the association of clustering of abdominal and truncal adiposities with POR for hypertension, clustering of abdominal and truncal obesities was treated as a categorical variable having three levels: 0, 1 and 2, representing having no abdominal obesity or truncal obesity, having either abdominal or truncal obesity and having both truncal and abdominal obesities, respectively. The categorical variable was used as the independent variable, and hypertension as the dependent variable in gender-specific logistic regression models, adjusting for age, education, current alcohol intake and BMI. The customary P-value of o0.05 and 95% confidence intervals (CI) were used to indicate statistical significance.
Results
The basic anthropometric characteristics of eligible overweight subjects for this study are shown in Table 1 . A total number of 2767 Whites, 1285 Blacks and 1642 Mexican-American men and women were eligible for this investigation. Overall, White men and women were older than their Black and Mexican-American counterparts (Po0.001). Compared to their White and Mexican-American counterparts, Black men and women were taller and were heavier as determined by body weight and BMI (Po0.001). Black men and women also had higher values of subscapular and triceps skinfold thicknesses, and ratios of subscapular and triceps skinfold thicknesses (Po0.01) compared to Whites and Mexican Americans. The average diastolic and systolic pressure values were below clinically defined values for hypertension in the three racial/ ethic groups. However, the prevalence of hypertension was higher in Blacks than Whites and Mexican Americans (Po0.001). Prevalences of abdominal obesity were higher in White men and Black women compared to their racial/ethnic counterparts. Prevalences of truncal obesity were higher in MexicanAmerican men and Black women compared with their racial/ethnic counterparts.
We investigated whether the three racial/ethnic groups had the same values of waist circumference, subscapular and triceps skinfold thicknesses and STR at the given BMI values by comparing the mean values of each anthropometric measures of regional fat localization across sex-specific quartile values of BMI (Table 2 ). There were no significant racial/ ethnic differences in first and third quartiles of BMI for subscapular skinfolds in men and for fourth quartile of BMI in women. In men, the greatest mean differences between races/ethnicities for waist circumference, triceps skinfold thickness and STR were observed between Blacks and Mexican Americans in the fourth quartiles with values of 4.3 cm, 5.0 mm, 0.3 mm for waist circumference, triceps thickness and STR, respectively. For subscapular skinfold, the greatest racial/ethnic difference was observed in the second quartile of BMI with value of 2.2 mm differences. In women, the greatest relative mean difference between races/ethnicities for waist circumference, triceps, subscapular skinfold thicknesses were also observed between Blacks and Mexican Americans with values of 2.5 cm, 2.7 mm, 3.8 mm for waist circumference, triceps and subscapular skinfold thickneses, respectively. For STR the largest racial/ethnic difference was observed between White and Blacks with value of 0.17.
Degrees of correlations of BMI with waist circumference and STR were assessed using Pearson's correlation analyses. Overall, BMI was positively correlated with waist circumference in White, Black and Mexican-American men and women (rX0.800). Body mass index was positively correlated with STR in White women (r ¼ 0.136) and Black women (r ¼ 0.130) (Po0.005), and negatively correlated STR in White men (r ¼ À0.090) and Black men (r ¼ À0.147) (Po0.001). There were no significant correlation between BMI and STR in MexicanAmerican men and women.
Prevalence odds ratios of hypertension that are associated with regional fat localizations were estimated from race/ethnicity-specific multiple Table 2 Racial/ethnic differences in waist circumference, triceps and subscapular skinfolds, and ratio of subscapular to triceps skinfold in overweight American adults
Men Women
Quartile of BMI I (n ¼ 727) To investigate the impact of regional fat localizations in racial/ethnic variations in POR of hypertension, dummy variables (coded as 0 ¼ White, 1 ¼ Black and 2 ¼ Mexican American) were used to compare PORs for non-Whites with Whites in gender-specific multiple logistic regression models (Table 4) . Black race/ethnicity was associated with increased POR for hypertension relative to White race/ethnicity in both BMI adjusted (Model I) and regional fat adjusted models (Model II). Adjusting separately for BMI, and separately for regional fat, with other covariates, Black racial/ethnicity was associated with approximately twofolds increased POR of hypertension in men and women.
To determine the contribution of regional fat to hypertension beyond what was provided by BMI, we compared models I and III, representing statistical adjustment for BMI, and combination of BMI and regional fat, respectively. As shown in Table 4 , abdominal obesity contributed 2.88% increased POR (POR: 2.08 versus 2.14) beyond what was provided by BMI alone in Black men. The corresponding value in Black women was 2.87% (POR: 1.74 versus 1.79).
Association of clustering of abdominal and truncal obesities with POR of hypertension (Table 5) was determined in gender-and race/ethnic-specific logistic regression models, adjusting for age, education, current alcohol intake and BMI. In White, Black and Mexican men and women, having at least one and having both types of regional fat localizations were associated with increased POR of hypertension. In men, the prevalence odds of hypertension for at least one and both types of regional fat localizations were respectively, 21 and 99% in Whites, 56 and 147% in Blacks and 36 and 110% in Mexican Americans. In women, prevalence odds of hypertension for at least one and both types of regional fat localizations were respectively, 127 and 183% in Whites, 203 and 307% in Blacks and 190 and 261% in Mexican Americans.
Discussion
Studies investigating the association of abdominal and truncal fat accumulations with CVD risk factors are often restricted to a framework where the population that are studied are overweight and normal weight subjects. In such studies, the risk of these obesity phenotypes are driven by mixed populations of normal and at-risk populations. The added contributions of regional fat localization may better be understood in a population of overweight subjects only. Regional fat cells are more metabolically potent cells 44, 45 whose added role in overweight subjects have been studied only little. Aiming therefore to evaluate racial/ethnic differences in the distribution of abdominal and truncal obesities in generalized overweight populations, and to determine racial/ethnic differences in these adiposities for the prevalence odds of hypertension, we utilized the 1999-2002 US National Health and Nutrition Examination Surveys. These surveys are highly respected because the sampling schemes are representative and national in scope. The training program and quality control measures that were instituted in the surveys provide an added level of credibility to the data.
The results of analysis showed racial/ethic differences in the distribution of waist circumference, subscapular and triceps skinfold thicknesses. Compared to Whites, Blacks showed approximately twofold increases in prevalence ratios of hypertension adjusting for each of the obesity phenotype, age, education and alcohol intake. The result of this study also showed that abdominal was associated with increased prevalence odds of hypertension only in Black men and White women, whereas truncal obesity was associated with increased prevalence odds of hypertension only in Black women. The result of this study shows that abdominal obesity contributed approximately 3% increased prevalence odds of hypertension Although it may be argued that the result of this study did not provide convincing evidence that STR adds clinically meaningful information for identifying subjects at risk for hypertension beyond the information gained from BMI and waist circumference, the results of this study showed that in both men and women, coexistence of both types of regional fat localizations was more strongly associated with increased prevalence odds of hypertension in Whites, Blacks and Mexican Americans, compared with the independent association of each of the regional obesity. The higher prevalence odds of hypertension due to abdominal obesity compared to truncal obesity is not clear, but was driven by the much higher correlation between BMI and waist circumference compared with the correlation between BMI and ratio of STR skinfold. Also, in this study there were significantly more subjects with abdominal obesity among subjects with BMI of 30 kg/m 2 or more compared with subjects with truncal obesity among subjects with BMI of 30 kg/m The sexual dimorphism in regional fat localizations with women having higher values of abdominal and truncal fat localizations as compared to men is inconsistent with the findings of Smith et al. 49 In their study, women had 51% of the subcutaneous abdominal fat in the deep layer versus 66% for men using the ratio of subcutaneous to abdominal adipose tissues. The increased risks of hypertension associated with abdominal and truncal fat localizations in this study of overweight subjects are consistent with the findings of other investigators. 50, 51 In populations of obese Pima Indians, abdominal obesity was found to be associated with elevated insulin and glucose concentrations. 52, 53 The higher prevalences of abdominal and truncal obesities in Blacks in this study compared with lower values that have been observed by some investigators 54, 55 may be attributed to differences the definitions of abdominal and truncal adiposities. Unlike the result of this study showing that the odds of hypertension is attributable to racial/ethnic differences in regional fat localizations, some investigators found higher insulin resistance in Black women than White women despite lower abdominal and truncal adiposities. [54] [55] [56] The observed differences in the association between regional obesity and hypertension in this study compared with others, highlights the need for a universal definition of these obesity phenotypes.
The mechanism linking abdominal fat localization to hypertension is not clear. Two potential links have been proposed. One, a link mediated by insulin resistance. [57] [58] [59] Indeed, adjustment for fasting plasma insulin level by Hayashi et al. 60 did not remove a significant relationship between abdominal adiposity and incident hypertension. Two, as endocrine glands, abdominal adipocytes often secret various peptide and nonpeptide compounds such as leptin, angiotensin II, interleukin 6, adiponectin, plasminogen-activator inhibitor, and resistin. 61, 62 These compounds may have potent effects on the metabolism of peripheral tissues. 61 Some of these substances, such as adiponectin and plasminogen-activator inhibitor, have been reported to be related to elevated blood pressure. 63, 64 The higher association between abdominal obesity and hypertension compared with the association between truncal obesity and hypertension indicate that these adipokines may be higher in abdominal adiposity than truncal adiposity. Further studies are required to examine whether these adipokines link these regional fat localizations to hypertension.
Study limitations
Some limitations must be taken into account in the interpretation of results from this study. First, as a cross-sectional study, directionality of the associations between regional fat localization and hypertension cannot be clearly established. Second, in this study we used a statistical definition for truncal obesity. The waist circumference cutpoints for abdominal obesity that were used in this study are consistent with the values that are endorsed by the NIH and WHO panels. 38, 39 As there are no known
Existing knowledge and new findings
What is known on this topic K An increasing new group of at-risk individuals who are overweight is being recognized in the US. K Aberrant fat localizations, as seen in abdominal and truncal body regions, are more crucial determinants of cardiovascular disease risks.
11,12
What this study adds K In both overweight men and women, coexistence of abdominal obesity and truncal obesity was associated with much higher prevalence odds of hypertension than association due to each of the regional fat localizations. K In overweight men, coexistence of abdominal and truncal fat localizations was associated with 1. cutpoints for truncal obesity, we employed sexspecific empirical mean values of STR for the fourth quartiles as cutpoints. The predictive values of these truncal obesity cutpoints across racial/ethnic groups are unknown. There is need to determine the sensitivity and specificity of these truncal obesity cutpoint values against cardiovascular risk factors.
Conclusion
The contribution of abdominal obesity to racial/ ethnic variations for the prevalence odds of hypertension in these overweight populations provide further substantiation of the deleterious effect of regional fat localizations. The sum of regional fat localizations appears to be the cuprit that contributes to blood pressure on top of body mass index. Persons with both abdominal and truncal obesity have a much increased prevalence odds of hypertension than persons with either abdominal or truncal obesity. Finally, the results of this study point out that obesity reduction strategies in subjects that are overweight must continue to be a major health policy issue in US.
